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1. Introduction 
Polypeptide chain elongation consists of three se- 
parate steps, namely, binding of aminoacyl tRNA to 
the acceptor site (A-site), peptide bond formation, 
and translocation of the peptidyl tRNA from the A- 
site to the donor site (D-site) [l-3] . The substrate 
for the translocase is a complex of the ribosome with 
peptidyl tRNA on the A-site and unesterified tRNA 
on the D-site. In the process of tr~sl~ation of pep- 
tidy1 tRNA from the A-site to the D-site, the unesteri- 
fied tRNA is released from the D-site 14, 51. It has 
been found that the presence of aminoacyl tRNA on 
the donor site prevents translocation because of the 
inability of the G factor (translocase) to release amino- 
acyl tRNA from the D-site. Consequently, aminoacyla- 
tion of unesterified tRNA bound to the D-site would 
stop chain elongation. It is therefore conceivable that 
some mechanism exists to prevent such aminoacyla- 
tion of ribosome-bound tRNA. In this paper we pre- 
sent evidence that such a mechanism indeed exists. 
2. Results and discussion 
In the experiment described in table 1, a complex 
consisting of ribosomes, tRNA specific for phenyl- 
alanine (tRNAPhe), and poly U was isolated, and the 
phenylalanine acceptor capacity of the bound 
tRNAPhe was compared with that of unbound 
tRNAPhe. As shown in this table only 5% of the 
bound tRNAPhe was aminoacylated under the condi- 
tion where unbound tRNA was esterified 97%. In this 
experiment, the ribosomal complex was prepared in 
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Table 1 
Inability of ribosome-bound tRNA to accept amino acid. 
-- 
Substrate Phenylalanyl tRNA 
formed (% of total) 
A) Ribosomal complex of tRNAPhe 5.1 
B) Ribosomal complex of tRNAPhe 
prepared at 6 mM Mg’+ 2.8 
C) Unbound tRNAPhe 97.3 
_..____- 
The reaction mixture (1.0 ml) for the formation of the 
complex of tRNAPhe, ribosomes and poly U contained 
100 bmoles of Tris-HCI, pH 7.8,50 &moles of KCI, 6 or 
20 &moles of magnesium acetate, 6 #moles of 2-mercapto- 
ethanol, 15.5 mg of NH4Cl washed ribosomes, 8 mg of an un- 
fractionated tRNA mixture and 0.8 mg of poly U. After in- 
cubation for 30 min at 30” the complex of tRNAPhe, ribo- 
somes and poly U was isolated by sucrose density gradient 
centrifugation. The reaction mixture (4.8 ml) for aminoacyla- 
tion of bound and unbound tRNA contained the following: 
100 mM Tris-HCl, pH 7.8,50 mM KCI, 20 mM magnesium 
acetate, 3 mM dithiothreitol, 3 mM 2-mercaptoethanol, and 
1.5 mM ATP. In addition it contained either ribosomal com- 
plex (24.4 Aze, units in A, 24.0 Az6a units in B) or a mix- 
ture of tRNA (175 fig), 0.9 &i of “C-phenyl~an~e 
(385 rCi/rmole, counting efficiency 1.0 x 106 cpm/pCi), 
and 0.1 mg of purified E.coli B phenylalanyl tRNA synthetase 
191. The reaction mixture was incubated for 2.5 min and 
0.6 ml of the reaction mixture was poured through a 
Millipore filter. Transfer RNA aminoacylated on the ribo- 
some during this procedure was measured by counting radio- 
activity on the ribosomes which is trapped by the Millipore 
filter [ 12). The amounts of total tRNAPhe bound to ribo- 
somes were 6067 cpm and 7 104 cpm in (A) and (B) re- 
spectively, which were measured by amino acid acceptor 
capacity after release of all tRNAPhe from ribosomes by 
washing buffer (100 mM Tris-HCl, pH 7.2, 50 mM KCl, 
0.1 mM magnesium acetate and 6 mM 2-mercaptoethanol) 
[ 10). Aminoacylation of the unbound tRNA was measured 
by counting radioactivity insoluble in cold trichloracetic acid. 
The total amount of unbound tRNAPhe was 10,475 cpm. 
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Table 2 
Effect of G factor on aminoacylation of tRNA bound to 
ribosomes. 
Addition Phenylalanyl tRNA 
formed (% of total) 
__I____.- 
Ribosomal complex 
with tRNAPhe 1.7 
+GTP 1.4 
+ G factor 2.5 
+GTP + G factor 37.1 
+GTP + G factor + fusidic acid 17.9 
--. 
Experimental conditions for aminoacylation of tRNA were 
identical to table 1. Where indicated, 7.5 pg of G factor, 
0.4 mM GTP and 1 mM fusidic acid were added. The reaction 
mixture (1.2 ml) was incubated for 3 min and the tRNA 
aminoacylated was measured by counting the radioactivity of 
cold TCA insoluble material. The total amount of tRNA 
bound to ribosome was equivalent o 6 126 cpm of 14C- 
phenylalanyl tRNA. 
the presence of 6 mM or 20 mM Mg2+. In the former 
condition the tRNAPhe was bound predomin~tly to 
the D-site while in the latter condition both D- and 
A-sites were occupied [6] . It is clear from this table 
that tRNA bound to the ribosome could not be 
aminoacylated regardless of its ribosomal site for 
binding. 
Although data are not shown here, in the presence 
of low Mg2* or after prolonged incubation, a consid- 
erable aminoacylation occurred due partly to release 
of tRNA and subsequent aminoacylation of the re- 
leased tRNA. Since G factor is known to release tRNA 
from the ribosomal complex containing tRNA on 
both sites, the effect of G factor on the aminoacyla- 
tion of bound tRNA was examined. As can be seen in 
table 2, the addition of G factor resulted in amino- 
acylation of tRNAPhe due to its action of releasing 
tRNAPhe from the ribosomes. This activity of G fac- 
tor was dependent on the addition of GTP and inhi- 
bited by fusidic acid [7]. These data indicate that 
translocation of tRNA can be assayed conveniently 
by following aminoacylation of tRNA which is re- 
leased from the ribosomal complex by G factor. 
Another possible way to bind aminoacyl tRNA to 
the D-site would be to exchange the D-site bound 
Table 3 
Selective exchange of A-site bound tRNAPhe with free N- 
acetylphenylal~yl tRNA 
-- 
Ribosomal Incubation 
complex time (min) 
N-acetyl 
’ 4c_ 
phenyl- 
alanyl 
tRNA 
bound 
(cpm) 
N-acetyl 
14c_ 
phenyl- 
alanyl 
puromy- 
tin 
formed 
(cpm) 
1) ribosomes with 
tRNAPhe and 
POlY H 
2) ribosomes with 
NAc-i4C-phe 
tRNA and 
POlY H 
30 
60 
30 
60 
1889 I 
2433 199 
4044 1233 
4112 1512 
-.. 
In exp.1 the reaction mixture (0.45 ml) for exchange of 
ribosome-bound tRNAPhe with N-acetyl-‘4C-phenyldanyl 
tRNA contained the following: 100 mM Tris-HCl, pH 7.2, 
80 mM KCl, 20 mM m~nesium acetate and 6 mM Z-mercap- 
toethanol. In addition, it contained 110 gg of N-acetyl-i4C- 
phenylalanyl tRNA (55,000 cpm) and 2.42 Af6,, units of 
ribosomal complex with tRNAPhe prepared as described in 
table 1. In exp.2 ribosomal complex with N-acetyl- 14C- 
phenylalanyl tRNA was prepared as described in table 1 ex- 
cept for replacement of tRNA with N-acetyl-‘4C-phenyl- 
alanyi tRNA. ~-acetyl-14C-phenyl~anyl tRNA was further 
added to this complex under identical conditions as in exp.2. 
In both experiments the reaction mixture was incubated for 
30 min or 60 min at 30” and 0.2 ml of the mixture was 
poured through a Millipore filter. N-acetyl-‘4C-phenylalanyl 
tRNA bound to ribosome was measured by counting radio- 
activity on the Milhpore filter. The reaction mixture for 
the assay of puromycin reaction with bound N-acetyl-‘4C- 
phenyhllanyl tRNA was identical to that for the exchange 
reaction except that it contained 0.55 mM puromycin. N- 
acetyl phenylalanyl puromycin was measured as described 
[ 111. The total amount of bound tRNAPhe and N-acetyl 
14C- P henylalanyl tRNA measured by aminoacylation was 
3641 cpm. 
t,RNA with aminoacyl tRNA. Such an exchange would 
stop chain elongation because of the inability of G 
factor to release aminoacyl tRNA from the D-site. 
As shown in table 3 ribosomes apparently have a 
‘built-in mechanism to prevent exchange of unesteri- 
Red tRNA with aminoacyl tRNA at the D-site. In 
this experiment the ribosomal complex with 
tRNAPhe was prepared in 20 mM Mg2+. To this com- 
plex N-acetyl-‘4C-phenylalanyl tRNA was added, 
2t9 
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and the bound N-acetyl- “C-phenylalanyl tRNA and 
its ability to react with puromycin were measured. 
Since the ribosomes were already occupied with 
tRNAPhe thexbinding ofN-acetyl-i4C-phenylalanyl 
tRNA must be mostly due to exchange of bound 
tRNAPhe with N-acetyl-‘4C-phenylalanyl tRNA. Of 
the bound ~-a~etyi-14C-phenyl~anyl tRNA only 10% 
reacted with puromycin, indicating that most of the 
exchange took place at the A-site but not at the 
D-site where the puromy~ reaction was expected to 
occur [8]. Further evidence that the exchange took 
place mostly at the A-site was obtained by a separate 
experiment. The addition of G factor and GTP caused 
66% of the exchanged N-acetyl- i4C-phenylalanyl 
tRNA to react with puromyc~ at 30” for 30 min 
(data not shown here). As a control, a ribosomal com- 
plex was prepared with N-acetyl- “C-phenyl~anyl 
tRNA in the absence of tRNAPhe (tabie 3, exp.2). 
Under this condition a large portion of the bound N- 
acetyl- 14~-phenylai~yl tRNA reacted with puromy- 
tin, indicating that N-acetyl phenylalanyl tRNA can 
indeed bind to the D-site provided the D-site is not 
occupied with unesterified tRNA. Since the donor 
site will never become mpty during polypeptide syn- 
thesis this situation doesnot occur physiolo~ca~y. 
In summary, the ribosome structure somehow pre- 
vents the D-site from being occupied with aminoacyl 
tRNA during polypeptide synthesis through the pre- 
vention of aminoacylation and the exchange reaction 
of the D-site bound tRNA. 
References 
f 1] F.Lipmann, Science 164 (1969) 1024. 
[2] P.Lengyel and DSUU, Bact.Rev. 33 (1969) 264. 
131 H.Kaji, International Review of Cytoiogy 29 (1970) 169. 
f4] J.Lucas-Lenard and A.-L.Haenni, Proc.Nat~.Acad.Sci. 
U.S. 63 (1969) 93. 
[S] H.Ishitsuka, Y,Kuriki and A.Kaji, J.Biol.Chem. 245 
(1970) 3346. 
[6] K.Igarashi and A.Kaji, European J.Biochem. 14 (1970) 
41. 
{7) N.Tanaka, T.Kinoshita and HMasukawa, Biochem. 
Biophys.Res.Commun. 30 (1968) 278. 
[ 8) R.R.Traut and R.E.Monro, J.Mol.Biol. 10 (1964) 63. 
[Y) M.P.Stulberg, J.Biol.Chem. 242 (1967) 1060. 
flO] Y.Kuriki and A.Kaji, Proc.Nati.Acad.Sci. U.S. 61(1968) 
1399. 
f 111 P.Leder and H.Bursztyn, Biochem.Biophys.Res.Commun. 
25 (1966) 223. 
[ 121 P.Leder and M.W.Nirenberg, Science 145 (1964) 1399. 
220 
